Background: Diffuse large B-cell lymphoma (DLBCL) exhibits heterogeneous clinical features and a marked variable response to treatment.
introduction Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin's lymphomas. It displays considerable heterogeneity in clinical presentation, morphology, molecular characteristics, and outcome [1] . The International Prognostic Index (IPI) is useful in predicting the outcome of patients with DLBCL. However, patients with identical IPI still exhibit marked variability in survival, suggesting the presence of significant residual heterogeneity within each IPI category [2] . As new treatments appear, there is an increasing interest in identifying patients in whom conventional therapeutic approach is likely to fail. Many investigators have focused on identification of molecular prognostic factors to improve patients outcome [3] . Recently, application of DNA microarray and tissue array technologies allowed the development of novel diagnostic and prognostic tools capable to improve the current models for outcome prediction [4, 5] . Major subgroups were subsequently identified: germinal center B-cell-like and nongerminal center B-cell-like, the former showing a better prognosis. The prognostic difference between these subgroups has been confirmed by several studies investigating selected germinal center-associated proteins by immunohistochemistry [6] [7] [8] , although, several other studies showing no difference in survival between these subgroups [9, 10] . The identification of new molecular prognostic markers may therefore help to further stratify patients into different risk groups.
DNA methylation of the CpG island in the promoter region of genes has emerged as an important mechanism of inactivation of tumor suppressor genes, and aberrant promoter hypermethylation has been described for several genes in various malignant diseases [11, 12] . This strongly represents an alternative pathway to gene deletion or mutation for the loss of tumor suppressor genes [12, 13] . There is now an increasing evidence for the relevance of hypermethylation-associated gene silencing in the pathogenesis of human cancers, and markers for aberrant methylation seem to represent a promising avenue for monitoring the onset and progression of malignancies [11, 14, 15] . Interestingly, numerous in vitro experiments have shown that, in contrast to genetic aberrations, the hypermethylation-associated silencing of tumor suppressor genes is a reversible phenomenon [16] . In addition, the therapeutic efficacy of the demethylating agents, such as 5-aza-2#-deoxycytidine or 5-azacytidine, has been demonstrated in several clinical trials [17, 18] .
To date, the role of aberrant promoter methylation in DLBCLs has not been investigated exhaustively, and most previous studies have been mainly focused on the cyclindependent kinase inhibitors and DNA repair genes [19] [20] [21] [22] , although other genes have been found to be targeted by aberrant hypermethylation in lymphoid neoplasias [15, 23, 24] . These observations prompted us, in the present study, to investigate the prognostic significance of the methylation status of a large panel of tumor suppressor and -related genes potentially involved in the pathogenesis of B-cell malignancies in a series of 46 cases of DLBCL from Tunisia. The selected genes included DAPK (death-associated protein kinase), GSTP1 (glutathione S-transferase P1), P14, P15, P16, P33, BLU, RB1 (retinoblastoma gene), SHP1 (hematopoietic cell-specific protein tyrosine phosphatase), VHL (Von Hippel-Lindau gene), CDH1 (E-cadherin gene), APC (adenomatous polyposis coli), TIMP3 (tissue inhibitor of metalloproteinase-3), and RASSF1A (RAS association domain family protein 1A) ( Table 1) .
patients and methods patients and tissue samples
Forty-six newly presented and previously untreated patients with DLBCL diagnosed at the Department of Pathology of the Farhat-Hached Hospital (Sousse, Tunisia) between 1996 and 2004 were included in this study. Diagnosis was on the basis of morphology and immunohistochemical analysis according to the criteria of the World Health Organization classification [1] . Cases were selected from our recently reported lymphoma series correlating methylation of many genes to the presence of simian virus 40 [35] . The selection of cases was on the basis of the availability of clinical follow-up data and paraffin-embedded tissue blocks for molecular analyses. All cases were already characterized for the germinal center status by immunohistochemistry [8] . Clinical data were obtained from the patient files and the following data were available for all cases: patient's age and gender, performance status, clinical stage on the basis of the modified Ann Arbor classification system, number of extranodal sites, B symptoms, bulky tumor, bone marrow involvement, serum lactate dehydrogenase (LDH) level, IPI score, response to treatment, and survival.
All patients were uniformly treated at the same institution with standard regimes according to the IPI score and patient's age. Ten (22%) patients have been treated with CHOP, eight (17%) with COP, 10 (22%) with ACVBP, seven (15%) with CVP, and 11 (24%) with mini-CEOP. None of the patients received rituximab or alemtuzumab. Radiotherapy was administered after chemotherapy to six patients who presented with a bulky mass or who had a detectable residual mass after chemotherapy. All patients completed their planned treatment. Clinical outcome was evaluated according to standard international criteria. A complete response was defined as total disappearance of all enhancing tumor. A partial response was defined as a ‡50% reduction in the area of the enhancing tumor. Stable disease was defined as no change in the area of the tumor or <50% reduction or <25% increase in the tumoral size. Progressive disease was defined as 25% at least increase in the area of the enhancing tumor or the appearance of new lesions [36] .
methylation-specific PCR assays
Genomic DNA was extracted from paraffin-embedded biopsy specimens as described previously [37] . Extracted DNA was then subjected to chemical treatment with sodium bisulfite as previously reported [29] . Briefly, 1-2 lg of DNA was denatured by treatment with NaOH and modified by sodium bisulfite treatment of 18 h at 50°C. DNA samples were then purified using Wizard DNA Clean-UP System (Promega, Madison, WI) according to the manufacturer's instructions, desulphonated by incubating in a final concentration of 0.3 M NaOH, precipitated with ethanol, and resuspended in water. Modified DNA was then stored at 220°C until use.
The presence of bisulfite-modified DNA in each sample was determined by amplification of 133-bp DNA fragment of the b-actin gene using a selected primer set which amplifies bisulfite-modified DNA (but not wild-type DNA), irrespective of the methylation status of the sample [38] . Promoter methylation status was analyzed by methylation-specific PCR (MSP) using methylated and unmethylated gene-specific primers for each gene as described elsewhere by Herman et al. [29] . For all cases, MSP status of DAPK, GSTP1, P14, P15, P16, RB1, SHP1, CDH1, APC, and BLU genes were previously reported [35] . In the currents study, we extended our investigation, by analyzing the promoter methylation status of four other genes: VHL, TIMP3, P33, and RASSFA1. Twenty reactive lymph nodes from patients with nonmalignant diseases and 20 peripheral blood samples from healthy persons were used as control for the methylation status of theses genes in normal lymphocytes. Primers for VHL were 5#-GTTGGAGGATTTTTTTGTGTATGT-3# (sense) and 5#-CCCAAACCAAACACCACAAA-3# (antisense) for the unmethylated reaction and 5#-TGGAGGATTTTTTTGCGTACGC-3# (sense) and 5-GAACCG AACGCCGCGAA-3# (antisense) for the methylated reaction [27] . These primer sets were designed to amplify 165 and 158 bp, respectively. The annealing temperature for both the unmethylated and the methylated reactions was 58°C. Primers for TIMP3 were 5#-TTTTGTTTTGTTATTTTTTGTTTTTGGTTTT-3# (sense) and 5#-CCCCCAAAAACCCCACCTCA-3# (antisense) for the unmethylated reaction and 5#-CGTTTCGTTATTTTTTGTTTTCGGTTTC-3# (sense) and 5#-CCGAAAACCCCGCCTCG-3# (antisense) for the methylated reaction [34] . These primer sets were designed to amplify 119 and 116 bp, respectively. The annealing temperature for both the unmethylated and the methylated reactions was 60°C. Primers for P33 were 5#-TGGATGGTGTAGGTGTGGGAGTT-3# (sense) and 5#-CCAAACACAAACAAAAATAACAACACA-3# (antisense) for the unmethylated reaction and 5#-CGGATGGCGTAGGCGCGGGAGTC-3# (sense) and 5#-CCGAACACGAACGAAAATAAC GACGC-3# (antisense) for the methylated reaction [33] . These primer sets were both designed to amplify 148 bp. The annealing temperature was 58°C for the unmethylated reaction and 60°C for the methylated reaction. Primers for RASSFA1 were 5#-AATTTGTTGTTGTTTTTTAGGTGG-3# (sense) and 5#-AAAAAACCAACAACCCCCACA-3# (antisense) for the unmethylated reaction and 5#-ATTCGTCGTCGTTTTTTAGGC G-3# (sense) and 5#-AAAAACCAACGACCCCCGCG-3# (antisense) for the methylated reaction [25] . These primer sets were designed to amplify 108 and 94 bp, respectively. The annealing temperature was 57°C for the unmethylated reaction and 58°C for the methylated reaction. The PCR amplifications were carried out with treated DNA as template in a total volume of 25 ll containing 0.2 lM of each primer, 200 lM of each dNTP, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl 2 , 5% DMSO, and 1 U of Taq DNA polymerase (Promega). PCR conditions were as follows: denaturation at 95°C for 5 min, followed by 35 cycles of 30 s at 95°C, for 30 s at the specific temperature, and for 30 s at 72°C. The reaction was finished with a 5-min extension at 72°C. CpG universal methylated DNA (Qbiogene, Carlsbad, CA) was used as the positive control for methylated alleles, and DNA from normal lymphocytes was used as the negative control for unmethylated alleles. Negative controls without DNA were always included in each experiment.
Amplified products were visualized under ultraviolet illumination after electrophoresis in 2% agarose gels containing ethidium bromide using the Gel Doc 2000 System (Bio-Rad, Marnes-la-Coquette, France). For each case, MSP results were scored when a clearly visible band on the electrophoresis gel with the methylated and/or the unmethylatated primers was observed [29] . The presence of a clearly visible band in the MSP using primers for the methylated alleles was considered a positive result for methylation [29, 39] . In the sporadic cases, where only faint bands were observed in both analyses, methylation results were always confirmed by repeat MSP assays after an independently carried out bisulfite treatment.
statistical analysis
Statistical analyses were carried out with SPSS software package, version 11.5. Pairwise correlations among genes and between methylation status of individual genes and clinicopathological parameters were investigated by chi-square test or Fisher's exact test where appropriate. Statistical significance was set at the two-sided 5% comparisonwise (i.e. without correction for multiple comparisons). Overall survival (OS) was defined as the time interval from diagnosis to death from any cause or, for patients remaining alive, the time interval from diagnosis to the last follow-up. Disease-free survival (DFS) was defined as the time interval from treatment to the time of disease progression or recurrence, to the last follow-up, or to death occurrence from any cause. To determine the association between hypermethylation of individual genes and OS and DFS of patients, we used the log-rank test of Kaplan-Meier. The Cox proportional hazard regression model was used to evaluate the effect of multiple variables. results
patient's characteristics
The patients included 28 men and 18 women with a median age of 65 years (range 18-85 years). Twenty-six patients (56%) presented a good performance status (<2). Eight patients (17%) had stage I, 12 (26%) stage II, 10 (22%) stage III, and 16 (35%) stage IV of the disease. An elevated level of serum LDH was observed in 39 patients (85%). Thirty-three patients (72%) exhibited low or low-intermediate IPI scores. Nevertheless, 12 patients (26%) showed B symptoms and four patients (9%) showed a bulky tumor. The number of extranodal sites of the disease at more than one site and the involvement of the bone marrow were observed in seven (15.5%) and nine (20%) patients, respectively. Primary site of tumors was lymph nodes in 33 patients and extranodal organs in 13 patients. Thirty-two cases (70%) had a germinal center immunophenotype and 14 cases (30%) had a non-germinal center immunophenotype. Twenty-six patients (56%) achieved a complete remission at the end of the treatment procedure, while four (9%) were in partial remission and 16 (35%) had stable or progressive disease.
relationship between promoter methylation status and clinicopathological characteristics
The frequencies of hypermethylated genes were 20% (9 of 46) for P33, 44% (20 of 46) for VHL, 15% (7 of 46) for RASSFA1, and 17.5% (8 of 46) for TIMP3. Concerning the other 10 genes, the frequencies of hypermethylation were 78% (36 of 46) for SHP1, 63% (29 of 46) for GSTP1, 59% (27 of 46) for DAPK and CDH1, 52% (24 of 46) for P16, 46% (21 of 46) for APC, 41% (19 of 46) for P14 and P15, 20% (9 of 46) for RB1 and P33, 17.5% (8 of 46) for TIMP3, and 15% (7 of 46) for BLU and RASSFA1. Overall, all DLBCL cases showed at least one hypermethylated gene and 85% (39 of 46) harbored three or more hypermethylated genes. None of the 20 reactive lymph nodes, and the 20 peripheral blood samples has showed evidence of hypermethylation in the promoter of these genes.
Study of correlations between promoter methylation status of each gene and clinicopathological characteristics are summarized in Table 2 . Overall, the hypermethylation of SHP1 was present more frequently in patients with elevated LDH level than those with normal LDH level (85% versus 42%; P = 0.031). The hypermethylation of P14 was present more original article Annals of Oncology frequently in patients without B symptoms than those with B symptoms (50% versus 17%; P = 0.044). Likewise, patients with methylated CDH1 were significantly older than those with unmethylated CDH1 promoter (77% versus 35%; P = 0.004). Moreover, hypermethylation of P16 was more frequently detected in patients with clinical stage III/IV, high IPI scores, a performance status of two or more, and B symptoms than those with clinical stage I/II, low IPI scores, a performance status of less than two, and without B symptoms, respectively (65.5% versus 35%, 85% versus 39%, 75% versus 35%, and 83% versus 41%; P = 0.041, 0.006, 0.007, and 0.012, respectively). Similarly, hypermethylation of the VHL gene was present more frequently in patients with high IPI scores and a performance status of two or more than those with low IPI scores and a performance status of less than two, respectively (77% versus 30% and 60% versus 31%; P = 0.004 and 0.047, respectively). However, we found no significant associations between the methylation status of DAPK, GSTP1, P15, RB1, P33, BLU, RASSFA1, or TIMP3 and the following clinicopathological features: patient's age and gender, performance status, clinical stage, IPI score, serum LDH level, B symptoms, bone marrow involvement, bulky tumor, and tumor location.
With regard to response to treatment, only the methylation status of DAPK showed a significant association with therapy response (Table 2 ). In fact, only 43% of patients who achieved a complete or partial response to treatment showed hypermethylated DAPK promoter, whereas 81% of patients Gender  Male  28  53  61  43  43  57  21  29  71  64  40  21  40  11  23  Female  18  72  72  40  40  44  17  6  89  50  61  6  50  28  2  Tumor location  Nodal  33  61  61  36  34  49  25  25  85  61  43  21  39  18  15  Extranodal  13  54  77  60  62  62  8  2  62  54  62  23  54 
survival analysis
Follow-up data were available for all patients and the median follow-up period was 15 months (range 0-96 months). Two-year survival rates for the entire series group were 55% and 46% for OS and DFS, respectively. In addition, patients with chemoresistant disease had significantly shortened OS and DFS than patients with chemosensitive disease (P = 0.0001 and 0.007; Table 3 ). Univariate analysis revealed that OS and DFS were also significantly shortened in patients with the following parameters (Table 3) : highintermediate risk or high-risk IPI scores (P = 0.001), clinical stages III/IV (P = 0.011), B symptoms (P = 0.020), a performance status of two or more (P = 0.003), and bulky tumor (P = 0.003). However, no significant differences in OS or DFS rates were seen between patients according to the patient's age and gender, tumor location, serum LDH level, number of extranodal sites, and bone marrow involvement. original article
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We next carried out survival analysis to investigate the impact of the methylation status of each of the 14 genes on both OS and DFS. Table 4 summarizes the overall associations between individual gene methylation status and OS or DFS. The analysis revealed that the hypermethylation of DAPK, P16, and VHL genes was associated with a significantly poorer OS (P = 0.003, 0.001, and 0.017, respectively; Figure 1 ) and DFS (P = 0.006, 0.003, and 0.046, respectively; Figure 2 ). On the other hand, there was a trend towards shorter survival for patients with methylated SHP1 (P = 0.059 for OS and P = 0.065 for DFS, Table 4 ). However, no significant impact on survival was seen for the other genes (Table 4) .
We also evaluated the predictive value of the methylation status of the investigated genes on OS and DFS according to the two major risk groups defined on the basis of the IPI. This analysis revealed that in the low and low-intermediate risk group, the hypermethylation of DAPK and P16 genes was associated with a significantly poorer OS (P = 0.009 and 0.021, respectively; Figure 3A and C), whereas only the hypermethylation of DAPK was associated with a poor DFS (P = 0.013). In the intermediate-high and high-risk group, only the hypermethylation of DAPK was associated with a significantly poorer OS (P = 0.002; Figure 3B ). Among patients with germinal center immunophenotype, hypermethylation of GSTP1, DAPK, and P16 genes was found to be associated with a significantly poor OS (P = 0.013, 0.043, and 0.0005, respectively; Figure 4A , C, and E) and DFS (P = 0.014, 0.049 and 0.001, respectively). However, among patients with non-germinal center immunophenotype, there were no significant correlation between methylation of each of the genes investigated and either OS or DFS ( Figure 4B , D, and F).
We next carried out a multivariate analysis including the methylated genes which have been found to be significant at univariate analysis in conjunction with the IPI score and the germinal center immunophenotype status. The Cox proportional hazard model identified the hypermethylation of DAPK as an independent prognostic factor in predicting survival, in addition to the IPI score and germinal center status (Table 5) .
discussion
The aim of this study was to investigate the biological significance and the prognostic relevance of the methylation status of cancer suppressor and -related genes in a series of 46 DLBCL cases from Tunisia. For this issue, 14 cancer-associated genes were considered: SHP1, DAPK, GSTP1, P14, P15, P16, P33, RB1, CDH1, APC, RASSFA1, TIMP3, VHL, and BLU. We found that many of these genes are methylated in lymphoma samples but unmethylated in all nonmalignant lymphoid controls. These findings indicate that this epigenetic alteration is a common phenomenon in DLBCLs and may be an important way to inactivate cancer-related genes in this disease. With regard to clinicopathological and survival data, we found that the methylation of several of the genes analyzed in this study was strongly correlated with various clinicopathological characteristics and patient's survival. It is important to note, however, that since we could investigate multiple nonpredefined hypotheses, some significant associations found in our study might not be free from chance fluctuation. Thus, the adjustment for multiple tests would be preferred. However, in our present study, the statistical tests, to identify correlations between methylation status of individual genes and clinicopathological parameters, were conducted without explicit multiple comparison correction (e.g. Bonferroni test) to the significance level of the individual tests. That is, in order for the tests to have reasonable statistical power, no formal effort was made to control the family-wise type I error rate. Therefore, our finding should be interpreted with caution and further independent study is clearly needed to confirm these observations. The P16 tumor suppressor gene, located on 9p21, encodes a cyclin-dependent kinase inhibitor important for G1 cell cycle arrest [40] . In human cancers, P16 is frequently inactivated by homozygous deletion, point mutations, or methylation of its promoter region [41, 42] . The hypermethylation of P16 has been frequently observed in various human malignant tumors [43] [44] [45] [46] [47] . In DLBCLs, hypermethylation of P16 has been found in 27-56% of cases [19, 20, [48] [49] [50] [51] . In the present study, we found that 52% of DLBCL cases from Tunisian patients exhibit hypermethylation of the P16. In addition, we found that hypermethylation of P16 was associated with advanced clinical stages, high-intermediate/high IPI scores, a performance status of two or more, and B symptoms (P = 0.040, 0.006, 0.007, and 0.013, respectively; Table 2 ). Interestingly, we demonstrated a significant correlation between hypermethylation of P16 promoter and shortened OS (P = 0.001) and DFS (P = 0.016).
The prognostic impact of P16 methylation has been previously described by several groups in large variety of human epithelial tumors [44, 45] . In lymphomas, Garcia et al. [47] have showed, in a series of 15 DLBCLs, that hypermethylation of P16 was frequently observed in the highintermediate and high-risk groups. Pinyol et al. [49] have noted that hypermethylation of P16 was frequently found in patients with aggressive tumors. Sanchez-Beato et al. [48] The VHL gene, which resides on chromosome 3p25, was originally isolated and identified as a tumor suppressor gene responsible for the Von Hippel-Lindau familial syndrome predisposing to the development of retinal angiomas, central nervous system hemangioblastomas, pancreatic tumors, pheochromocytomas, and multiple bilateral clear-cell renal cell carcinomas [51, 52] . The VHL protein is expressed in a wide variety of cells in human tissues including lymphocytes and macrophages [53, 54] . Although it remains unclear why these tissues and cells express the VHL protein, it appears likely that this protein intimately plays fundamental roles in physiological as well as pathological situations in human cell biology [53] . In human cancers, several mechanisms have been showed to lead to loss of VHL function including DNA deletion, mutation, and hypermethylation [27, [51] [52] [53] [54] . Aberrant hypermethylation of the VHL gene has been observed mainly in renal cancer but also in other various human carcinomas [27, 55, 56] . In lymphoid malignancies, methylation status of VHL gene has not largely been investigated. In fact, only one study has analyzed the methylation status of VHL in a small series of gastric DLBCLs (n = 12) and has showed methylation of this gene in 25% of cases [57] . In the present study, promoter hypermethylation of VHL gene was observed in 44% of DLBCL cases but not in the nonmalignant lymphoid specimens, and was significantly correlated with high-intermediate/high IPI scores and worse performance status ( ‡2) (P = 0.001 and 0.022, respectively; see Table 2 ). To our knowledge, our current study is the first investigating the prognostic impact of VHL methylation in patients with DLBCLs. Interestingly, we demonstrated a significant association between hypermethylation of VHL and shortened OS and DFS (see Figure 1C and Figure 2C ). The hypermethylation of VHL, therefore, seems to be a common event in DLBCLs and may represent an important prognostic biomarker in such a subgroup of patients. However, further studies are required to confirm these observations.
In this study, promoter hypermethylation of DAPK was observed in 59% of DLBCL cases. DAPK is an actin-associated calcium/calmodulin-dependent enzyme with serine/threonine kinase activity [58, 59] . DAPK is involved in TNF-a and FASinduced apoptosis and has been demonstrated to be an essential mediator in IFNc-induced programmed cell death [59] [60] [61] . Recent experiments have established that DAPK functions as a tumor suppressor gene in at least two different stages of tumorigenicity, namely an apoptotic checkpoint functioning early during cell transformation and a second one that occurs later in cancer development (i.e. during metastasis) [61, 62] . The hypermethylation of DAPK has been described in a variety of human tumors including lymphomas [11, 24, 30, [63] [64] [65] [66] [67] [68] [69] . In addition, the hypermethylation of the promoter of DAPK has been associated with an unfavorable prognosis in several kinds of human cancers including lymphomas [64] [65] [66] 69] . However, its prognostic significance in DLBCLs has not been investigated so far. Interestingly, in the present study, hypermethylation of DAPK was significantly associated with worse OS and DFS (Table 4 ; Figure 1A and Figure 2A) . Furthermore, DAPK methylation-positive status was identified as an independent prognostic factor for predicting overall and disease-free survival in patients with DLBCL in multivariate analyses (Table 5) .
Since DAPK is involved in multiple apoptosis pathways, its inactivation could be a key factor in the response to chemotherapy in human cancer [59, 60] . In fact, most chemotherapeutic agents induce cell death in a mitochondriadependent manner, yet death receptor-mediated signals can also be involved. Of interest, in our present study, we showed a significant correlation between the methylation status of the DAPK and the response to treatment (P = 0.041; Table 2 ). These data indicate that the block of apoptosis in relation to the reduced DAPK expression caused by the hypermethylation of DAPK could be a mechanism of resistance to chemotherapyinduced apoptosis in DLBCLs. However, because our study is the first reporting the prognostic value of the hypermethylation of DAPK gene in DLBCLs, additional studies for this specific gene with a larger number of cases are mandatory to confirm these observations.
In our present study, 78% of DLBCLs showed hypermethylation of SHP1. The SHP1 gene codes for a phosphotyrosine phosphatase that plays many important roles in regulating immune system cell differentiation and activation [70] . SHP1 acts as a growth inhibitor in B cells by down-regulating the intracellular effects of immunoglobulin binding thus requiring more receptor binding to initiate B-cell activation and proliferation [70, 71] . B lymphocytes with decreased SHP1 activity are thus more likely to proliferate and escape apoptosis [70, 71] . Methylation of SHP1 promoter region appears common across a variety of lymphomas including DLBCLs, with frequencies ranging between 75% and 100% [15, 32, 35, 71, 72] . The high frequency of hypermethylation of SHP1 in B-cell lymphomas/leukemias indicates that SHP1 silencing is one of the critical events to the onset of these diseases as well as important implications for the diagnostic or prognostic markers and the target of gene therapy. Prognostic significance of methylation of SHP1 has not been previously investigated in DLBCLs. In our study, there was a trend towards shorter survival for patients with methylated SHP1 (P = 0.059 for OS and P = 0.065 for DFS; see Table 4 ). Further studies including larger number of DLBCL cases are needed to confirm these findings.
In summary, this study represents the most extensive research investigating the prognostic impact of the methylation status of a large specter of cancer-associated genes in DLBCLs. We demonstrated that tumors with hypermethylated P16, DAPK, VHL, and SHP1 commonly show a biologically aggressive phenotype and poor prognosis. Interestingly, hypermethylation of DAPK has been shown to be an independent new prognostic factor that could be helpful for predicting shortened survival and resistance to treatment, in conjunction with the conventional prognostic factors such as the IPI score and germinal center status. 
